The paper presents the study of Ni-based coatings deposited by plasma detonation onto a steel substrate after direct current low-energy electron beam irradiation and proposes explicit parameters of the electron beam for modication of coatings by irradiation. The choice of irradiation modes is based on the calculation of the temperature prole in the NiFe two-layer absorbents using numerical simulation methods. It was found that the exposure of coatings to irradiation according to the recommended modes leads to the evolution of the structural--phase state of coatings and substantial improvement of performance properties of modied surfaces. The wear resistance of modied surfaces increases 3 times, the microhardness increases on the average 25%.
Introduction
The technology of plasma-detonation deposition of coatings on the surface of various materials and modication of their properties by irradiation has been intensively developing recently. The peculiarity of the plasma--detonation method is the formation of relatively thick coatings (thickness of 100300 µm) in contrast to the physical vapour deposition (PVD) and chemical vapour deposition (CVD) methods, which form thin lms on the substrate. The advantages of this method are that the coating deposition is carried out in air and does not require shielding gases and extra accessories to create a ow in the direction of the substrate. One of the main problems of plasma detonated thick coatings is their porosity, lack of homogeneity on account of poor agglomeration of powder particles, high roughness of surface and low adhesion to substrate. These result in insucient corrosion and wear resistance of such coatings [1, 2] . To improve the adhesion to the substrate and reduce the porosity of the coatings, they are exposed to re-melting by the plasma jet or electron irradiation; there is experience of industrial use of equipment processed according to the technology [3, 4] .
The properties of irradiated materials are determined by their structural and phase composition, while the effect of irradiation on phase stability is rather complicated. In the literature there has not been consensus yet on the eect of irradiation on the structure and properties of Ni-based coatings.
The aim of this work is to connect the evolution of the structural-phase state of plasma-detonation Ni-based * corresponding author; e-mail: dalontseva@mail.ru coatings as a result of their modication by a low energy direct current electron beam, which changes their performance characteristics.
Material and methods of the experiment
The protective coatings with a thickness of 150 to 300 µm were formed using Impulse-6 plasma--detonation facility on a substrate of quality carbon steel and according to the X-ray phase analysis data).
As a result of the coatings' modication by a DC electron beam, their microhardness increased on the average 25% (Fig. 1) ; the wear resistance increased up to twice;
there was also observed a decrease in the volumetric wear of material ∆V compared with the same value for the initial coating material (Fig. 2, curves 2 and 3 ), especially
at a large number of counterbody revolutions during the test. The wear resistance of modied surfaces increased 3 times in comparison with the substrate (Fig. 2, curves 1   and 3) . It features the ne-grained homogeneous microstructure with an average grain size of 2 µm (Fig. 4) .
The volume fraction of Ni-based solid solution in the coatings increased after irradiation on the average 59% according to the X-ray phase analysis, the number of intermetallic phases, Ni and Fe compounds, increased (Table) . 
Results and discussion
The improvement of the operational properties of the coating is rstly due to the achieved increase of the width of the diusion zone between the coating and the substrate. The penetration of Ni and Si from the irradiated coating into the substrate is conrmed experimentally (Fig. 3) . The diagrams of microhardness distribution with depth ( Fig. 1) show the increase in the microhardness values in the transition layer between the coating and the substrate, which also conrms the increase in the width of the diusion zone. The Ni and Si depth of penetration in the substrate achieves more than 100 µm (Fig. 3) . Secondly, the microhardness of the coating increases on account of the increase of the total volume fraction of intermetallic phases in the coatings after irradiation (Table) . Thirdly, the formation of a rather homogeneous ne-grained structure in the irradiated coat-ings (Fig. 4) indicates the homogenization of the coating structure. The increase in wear resistance after the DC e-beam treatment (Fig. 2, curve 3 
